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This report covers designing, building and

~ testing of a Variable Speed Fan Driva, Speed::

control autecmatic from O to approx. 4900 rpm
governed by engine coolant temparature. . Unit

includes a fail safe device which opetatos the

fan at maximum speed in the event of a control

failureo Unit also includes a deapwater ford- -

ing swit@h t@ reduce fan sp@&d wvher. egzgme

cofipartment is flooded. Direction of rotatiap
is counter-clockwise reviewed from output end.
Tasts performed on unit included a functionil
check on spesd modulation, declutching, fail.
safe dcvicos and dctp water fordi.ng lw.i.t
‘operation. All these tests were performed
using a 1765 rpm electric motor. A high speed
test of approx 4800 rpm was also made to assurée
satisfactory operation at elevated speed.
Results obtained from above tests indicate

that fan drive will perform satisfactorily but
final evaluation is best obtaired by operating
under actual angine comditions.
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ABSTEACT

“AD " and “"ACCESSION "

Final Technical Report - Variable Spesed Few Dri"@ Assembly.
Engine Cooling Systems. ‘

Liguid Drive Cezporation, H@llyﬁ Michigan

Contract No., DA=20-018-0RD-235658

Dept. of Army Broject Ho. PRZL-125, 549-02-002

No, of Pages 15 Ordnance Diztrict Project #502-1%0-8033

Thie report covers desigming, building and testing of a
variable spead fam drive. Speed control automatic frem 0 to
approzimately 4900 rpm governed by engine caclawmt temperature.
Unit includes a fail safe deviee which operates the fam at
maximun speed in the event of & contwel failure, Unit also
includes a deepwater fording switch to zeduce fan speed when
engine compartment is flooded. Direction of rotatlion is

" .. counter-clockwise viewsd from output end,

Tasts performed on umnit imcluded a functicnal check on
speed modulation, declutching, fail safe devices and deep
water fording switch operation. All these tests were performed
using a 1765 rpm electyic motor. A high epeed test of approxi-
mately 4800 rpm was alco made to assure satsﬁfma&@xy operation
at elevated speed.

Results obtained from above tests indicate that fam drive
will perform satisfactorily, but f£imal evaluation iz best
obtained by operating under actual engine comditions.

Propared by H. E, Ressler
August 13, 1962
- UNCLASSIFIED




OBJICTY

A, Design, fabricate and test a light waight variabkle sgeaé'
Ligquid Drive for the fan dyvive assembly of light weight
highly mobile combat vehicles,

1. The Ligquid Drive fan assembly to be intexchangeahls
with the fan drive asseubly shown on Orxdnance drawing
Fumbey DTA-20710.

2, The Liguid Drive to bs rated ® 70 hp input @ approxi-
mately 5060 ypm laput speed,

3. The Liguid Drive fan drive assembly to incowpovate the
features as follows:

&

b

€,

d.

e,

£.

L7 I

SUMMARY

. Design

Spead modulation from 0 to maxiwun spesd of approni-
mately 4900 rpm (allowing fow 3% Liguid Drive slip.)
Fan rotatlion to ke counltev—clochwise viewed freom
output or fan end,

Automatic contzol of fanm spesd dapaﬁdimg wROR ™~
engine coolant temporsture of 176°-230° P, and any
engine spsed (600 -~ 2200 zpw.} Fan ﬁp&@ﬁ to reach
maximum ppeed at coolant Cemperaturs 220° F. and ovew.
Fali-gafe protection to ke ineorporated te achieve
maximum fan speed im event of avtomatie control
fallaure a

Deep water fordimy switch location bencath fam te
redues fan speed to zZereo when engline compaxtment is
fleodad,

Lubrication, Liquid Drive and control valve supply
to be recelved frem oil supply of maian engims,

‘A sezvies 1ife of fiva hundred (900» hours at fall

capacity in am envir@menﬁ of 130° r, ambiemt
temperatmxao

1. Liguid Drive sized in accoydande to fan yating and
available lnput spsed., A size BPM4-205 (8.120" profile
dia) vas sclecked. Expact yagf@vm§@ca will ba 97%
efficient at £full e©uplxmge

2. Liguid Drive Assenbly consisting of h@uaiwg” rotors,
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Detaiie relensad for Fabi cieation and Procurenent,

B, Fabriesotion and Rssembly

1. Comenced febricnticon of noressery © tonling to faeilitate
rudl

fabricaticen of datuils,

2. Isnitdated procurensnt of o chaned

3. Ceommenced fabwiention of detmils.

éa. G@ﬁpl@@@ﬂ_i&hmi@aﬁiaﬁ gnﬁ prommwenant of detalls,

5. A&a&mhl&ﬁ LAgeid D ive hgﬁethy,

@a'wF&@ati@mmL T@sﬁm

P G@ﬂ@ﬁal Acm@eﬁ@ "_,f - ; “ | ‘
In agcordence with the contradtural agresment, oOBLY
fonctional tedte will be perfommed at the venders planl,
These tests Will be at redueed spzed (agpv@miwa%@ky 17%@

rpm,) Extensive tests and final evaleation will be eo
ducted by the @rﬁu@nem Tank Bubew ﬂmtﬁvﬁ Command.

‘2, Teut Stand

A test stand was designed and eonmstiucted to deive the
Liguid Drive &t 1;65 gpm. A sizmiated coolant circeuit
vas bulle up to provide tesmperabare imput to comtiol
system, ' '

3. Test conditiens
An oll flovw of 1 gps @ 1407 P, avd 15 PEI pwessure was -

used to supply coupling and contzol valve, Cities
Service 180 7 oil was vsed. Water by salie load $ﬁw%~a3*@t

to 3.0 hp € 1765 Dgm.

4., Decluieh Tant




When eoolant teagervature s lems ¢hen 2060% §., the ouvbe
put. shaft of the &ﬁqri& Drive le statiopaxy ov in a
"declutcheds positicon. When motor de firet started the
output shaft will rotate until contvel pressure is
sufiiclent to declutch the unit,

Epeed Regulation Tast

When the coplant temperature is in exncess of 2@0© Fo, the
output shaft will rotate, reachling a waximum speed of
1720 xpm @ apprexzimately 210° P

The vnilt will continus te run at meximum speed until
coolant tempsrature is lovered to approximately 2007 ¥, or
below, When tempevature reazches approvimately 1807 P, the
outpxt shaft will csase to rotate. Intexmediate tewp
eratures result in intexmediate speads. The actual speed
to temperature relatiemship will vary slightly with
eupply and control oll tampervature and pressure.

By removing the lew temperature senging bulb from the
coclant eirewlt (simmlating a sensing bulb or capillary
tube failugw) and yaleing the temperature of the esslant
to 230° P. a maxtioum speed of 1720 rpm was achlieved, When
tempazature was lovered ¢to 210° ¥, the Liguid Deive
declutched.

Daep Water Fordimg Switeh Test

With an output chaft speed of 1720 rpm, the electrode _
tip comtrelling the solemsld valve was plunged in water,
resulting in a declutch in 30 secsnds.

Fail Safe Tez

Simulating a comtrol valve failure, by clesing off the
control supply resulting im a2 pressure losZs to the
contxol valve, the return spring csntained in the scoop
tuba bleck caused the Liguid Drive to opsrate at l??@ Ty
regardliess of coclant tewperature.

Minimum Slip Test

With a coolant temperature of 210° F. am outpwt specd of
1720 rpm var achieved. An efficlency of 97.3%.

Maximwm Spaed Test

I

BEMA=20% Ligqeid Drive and teszt stend asseably setup with

3 (
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10.

25 hp @ 1750 rpr electvie woboy with 2.4 P.D, ghoave

or dviving shafi and 3.4 P.D. gheave o dejven ghofi.
Loed was rewmsved from waker krake. A speed of 4600 rpm
was achieved. Ran to check for unbalance, SCoOP tabe
actuation and filling chevacteristics.

1iquié Dzive with Fon and Fan shrend Performance Test

Removing tho vater brake and substituting fan DPA-64333
amd fan shroud DITA-64334 with a supply oil flow of 1 gpm
@ 140° F., a coolant temprrature of 210° ¥, and an imput
gpeed of 1770 zps, the owtput speed was 1725 rpm or 97 . 5%
efficient,

when fleocd contzol electrode was submerged, output
spred was yeduced frem 1725 rgm 0 800 rpm in 10 seconda.
Fam continued to windmill at approximately 300 rim.

Speed modulation pointz same as previous tests.




CONCLUSIONS AND RECOMMENDATIONS

Ao

B,

Liquid Drive Rating

b

‘the equare of the spesd. Consaquently the pwr-@mﬂgnm@

Functional tests with prony brake and with fan imdicate
the efficiency of the Liguid Drive (at full coupling)
to be within predicated valugs, (approximately 97%
efficiency.)

The torque tranmmitting capacity of the Liguid Drive
and the torqus requirements of the fan ave proporid

obtaiped at reduced spesads, such as thess used in the
functional test program, is indicative of what can be ex-
pected at the rated spsed,

Control System

3,

Puneticnal ¢ests of spsed versua tempsrature vegulation,
fail safe and deep water fording provisions indieatm
satisfactory operation.

It should be pointed out that the abllity of the

control system to regulate the Liquid Drive output spoed

48 a functlon of coolant temperatuve is dopendent on the
characteristics of tha coolant system in the acktizal ap-
plication. %hermal inertia or temperaturs lag of the
coolant system may vesult im a low fraguency epeed varie
ation that may be objectiomable. In this event it mmy be
recessary to medify the control system,

¥We also would like to point out that it may be desirable
to locate the low temperature sensing bulb at radiator
exit to engine and seccadary or high temperature semsing
bulb at emgine exit to radiator. This would undoubtedly
require different ¢tamperaturs raange bulbs tham thoee
existing on unit,

The deap water fording switdh sclenoid valve is at
present mounted directly on the Liguid Drive sump, but
cguld ba relocated.,

With fan assembled on Liguid Drive cutput shaft, vhen
unit iz “declutched” by deasp water fordimg switch, the
fan will “windmiil® at appreximately 300-350 rpm with a
1 gpm oil supply to Liguid Deive. More or less flow
will result in greater or lesser fam spsed. If the
"windmiliing® is undesirable, the supply flow to the
Liquid Drive could be by-passed, This could be

5




5,

6.

14 valve similar to the

aceonpiished by uwee of a solens
desp water fordimg owibeh device,

The medulation vange ef ths contwoel valve is seb te start
inftial &@«awiﬂn aﬁ apnrewimately 260" F,, veaching max,
speed at 210° ¥., hold speed teo appreximately 200 F,, and .
modunlate dewnwardsvbo apprenimaialy

B minoy adjustoent in the modulstion rangs may he
made by adjusting the lever eposl of the cont trol valve,
Thiz is accomplished by lossening jem nut and turaing
slesve elodhvise for lmmr tomperature range o epuntore
@l@@!«wi% foz M@n@ @;u eraters renge, retighten mut.

w@ recommond wee of 8 prossure rpagm@*&:@? which we are
furniching (I=slie 300-%) ox eguivalent to be ingtalled
in the sapply linc ahoad of o a@mﬁ,c@l valve and ad-
Justed for 15 P8I oll pressure.



DITPALLS
1, ZLiquid Drive Silze Selection

2., Fan Ratings 75 hp @ 7075 zrpu®
tWote: This is not consistant with englus speed

b, Input speed to Liguid Drive @ 2200 zpm
¥p = 2200 % 2,3 = 5060 zpm

e, Adjusted Fan Rating

. Aszsems 3% misnismum slip thre Liguid Drives
thereforse fan spesd {(max) will bee
Nz Max = Np {.97) = 5060 (.97) = 4900 zpw

2, Adijusted Pan Rating (actual}
Bincs magimum fan speed is 4900 rpm
fan hp @ 4900 rpm = 75 (32003 = 67.5 np
say hp = 63 ® 4900 ypm " 5675,

d. Required imput hp to Liguid Drive
fan hp = 68
Assuned Liguid Deive efficlency = 100% <% slip.
efficiency = 100 ~2 = 97%
HP input = fap hp = 68 = 70 bhp
eff, .97
100

e. Liguid Drive Size
K = hp iaput
Bp }° D °
100
D = Profile dismeter of Liguid Dzive in meters
K = Proporticazliity factor relating Liguld Drive
porformance to siip. From ewpsrisnce at waxw, £ills
% g8iip = 2K
K., = Maw, input spoed Tpm
For 3% slip K =.1.5 selving fer D vhen hp input = 70;
:ap = 5060 and K = 1.5 |

“53 FJZ&u
E (80, 6)3 @loﬁB

00
D% & 006361 (2iide ruls acourac
D = ,204% moters or 8,05 {ﬂiié@ Eml@ aCTCUTacy)

Sst profile &zadthK at 8,22
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3,

2. Thrust Due to Liguid Drive

From exparience expecﬁed thrust = 42584
= 4254

3. Bearing Life

Bearing Size 6308
Equivalent load P = .37 (V) (Rn) + ¥ P,
(xef SKF procedure)

Pe= .37 {(1,2) {40) + l 25 (425}
P = 17,8 + 532 + 5356%

Dyramic bearing capacity € = 3650
= 3.522.:6@6 |
3.

L

P .
Bearing "b" opsrates at N = Np - Ns or the differsnce
in speed betwser the input apd output shaft., Adsgume

this differential spaed to be 3400 rpm (@ans@xvativaa)

B-10 life per SKF tables is 71000 hxs;
therefore bearing "b" is suitable

General Design

1. A new outer housing to contain the Liguid Drive rotors
was designed, maintaining the szame mounting base,
mounting flanges and holes and drxain as pravi@us housing.

2. Inpﬂt and output shaft extensi@ns are same as existing
fan drive assembly.

3. U&ilized’existinq covex DTA¥64183 an& studs DTA-64339.

Description of Cperation - Contreol System
{Raference control system schematic)

a. Prior to engine start pilot stage is epen, main stage .
spool is in extreme right positiem, scoop tube 13 in the
naximum Speed (cluteh) position.

b, As engine starts and oil pressure is davel@padn oil is

ported thru main spool to xod end of actuatox de-
clutehing the Liquid Drive.




&%

i

When engine coolant temperature raises to approximately

170-180°% . pilot stage spool commences to move to the lefe
causing the pressure (heveln termed voontrol pressure®) im
the Ffluid system dowi stream of the oxrifice to build up in

 accordance with pilot stage gpool position,

As “comtrol pressure® builds up it acts against the right

hand end of the main spool causimg the main spoocl to shifi
to the left which in turn coxmences to discontinue the
supply of oil to the actuator "rod end” and to introduce
oil to the actuator "head emd®, Thus the scoop tube is
caused to begin its movement from the declutched position
towards the clutch position and as a result commence to
bring the fan up to speed. :

As the fan commences ¢o lower the coslant temperatugze the
pilot stage reacts to lowex the contvel pressure to cause
the fan spesd teo decksane. ‘

A dual reliability feature is provide&'hy a standby pilet

stage. This stage is normally inoperative unless the normal
pilot stage fails. The temperature setting of the standby
stage is slightly higher tham the normal pilct stage o as
to not interfere with the operation of the latter,

A flooding device is provided to declutch the fan im the
event the fan compariment ccmmencas to f£ill with water. This

* is aceomplished by a eolepoid opsrated (normally clesed) valve

that upon opening vemts the pilot stage system (reducing
control pressure) and allows the main stage spool to be ves
turned to the extreme right positiom, This will bring about
rapid declutching of the Ligquid Drive. The solenoid valve is
energized by an electrical signal received via a relay from a
water sensitive probe. Tha probe will be located in position
to detect the prasence of water. , o

The variable ofifice is uged to throttle pilot stage flow €0
that oil consumption can be conserved and to facilitate the
function of the flooding device,

The control system utilizes a double écﬁimgié@tuat@m go as to
have mastimum force potential to move the scoop tubs in either
direction. ' ' . ' o '

Tha'maxim&w‘ptassure'réqmig@& to move the main stage spocl to

the extreme lefit, against its redurn sprimg, is less than

10




15 P8I, Likewise the maximum pressure reguived to declutch
the Liguid Drive (move the scoop tube to the extreme right)
is 15 PsI.

11




ONTHI SYSTEN SCHENATIE
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FLOOD CONTROL WIRING DIAGRAM

INSTALLATION: Mount controlbox vertic=1lly and position
electrode fitting so the brass tip inside the pipe shield
is at the level at which the solenoid valve is to be ener-
gized to stop the fan. Small circles on wiring diagram
represent terminals provided for external connections.
Connect the + and - terminals to 24 volt D.C. supply,

being sure the polarity is correct. Connect terminal 3 to
the electrode, and terminal 4 to a positive ground connect-
ion on the pipe electrode shield. Connect terminals 5 and
6 to 24 volt D.cC. normally closed solenoid valve.

OPERATION: The relay will be energized to open the sole~
noid valve when the level is above the electrode tip and
deenergize to close the valve when the level is below the
electrode tip.
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